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(54) PRODUCTION OF TITANIUM OXIDIZED COATING AND TITANIUM OXIDIZED COATING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To allow titanium oxidized coating to 
sufficiently show photocatalystic function, to reduce thermal 
spraying energy at the time of coating formation and to improve 
the adhesion of a base material with the titanium oxidized coating 

by depositing a mixed body of a substrate produced by depositing a #1 
substrate material having the shape of metallic particles on a base 
material to produce a mixed layer and depositing Ti02 particles on 
this layer to produce a Ti02 layer. 

SOLUTION: For example, a base material 1 of stainless steel is 
plasma- sprayed in a state that NiCr particles are melted by 100%, 
and NiCr in a molten state is solidified on the base material 1 to 
produce a substrate 2 integrated with the base material 1. The 
- substrate 2 is similarly thermal-sprayed with a mixed granule™ 
composed of 70 wt.% NiCr and 30% Ti02 granule, and solidification 
is executed to produce a lower side mixed layer 3 integrated with 
the substrate 2. The mixed layer 3 is similarly thermal-sprayed 
with a mixed body composed of 40% NiCr and 60% Ti02 granule to 
produce a similar upper side mixed layer 4. The mixed layer 4 is 
similarly thermal-sprayed with Ti02 particles to produce a Ti02 
layer 5. 
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CLAIMS 

[Claim(s)] 

[Claim 1]A method of carrying out thermal spraying of the Ti02 particles on the surface of a substrate (1), 
and producing titanium oxide film (X), comprising: 

A process of welding a base sheet and producing a foundation layer (2). 

A process of making this foundation layer welding a mixture which mixed a base sheet and Ti02 particles, 
and producing a mixed layer (3, 4). 

A process of producing a Ti02 layer (5) by making this mixed layer welding TiOg particles. 

[Claim 2]A manufacturing method of the titanium oxide film according to claim 1, wherein a foundation layer 
(2) welds a high base sheet of adhesion and is produced to a substrate (1). 

[Claim 3]A manufacturing method of the titanium oxide film according to claim 1 or 2, wherein a Ti02 layer 
(5) welds Ti02 particles and is produced. 

[Claim 4]A manufacturing method of the titanium oxide film according to claim 1, 2, or 3, wherein a mixed 
layer (3. 4) welds a mixture of Ti02 particles and a base sheet and is produced. 

[Claim 5]A manufacturing method of the titanium oxide film according to claim 1, 2, 3, or 4 producing a 
mixed layer (3, 4) which increases the amount of supply of Ti02 particles toward the outermost layer from 

a substrate (1), and has tilted structure. 

[Claim 6]A manufacturing method of the titanium oxide film according to claim 1, 2, 3, 4, or 5 allotting a n 
type Ti02 grain at least to the outermost layer. 

[Claim 7]A titanium oxide film which is produced by the surface of a substrate and has the optical 
semiconductor characteristic, comprising: 

A foundation layer (2) which is produced by substrate (1) at one and welds a base sheet. 

it being produced on this foundation layer and mixing a base sheet and Ti02 particles — ****** — a mixed 

layer (3, 4). 

A Ti02 layer (5) which was produced on this mixed layer and raised a Ti02 particle ratio. 

[Claim 8]The titanium oxide film according to claim 7, wherein stainless steel is adopted as a substrate (1). 
[Claim 9]The titanium oxide film according to claim 7 or 8, wherein a foundation layer (2) welds NiCr 
particles and is produced. 

[Claim 10]The titanium oxide film according to claim 7, 8, or 9, wherein a mixed layer (3, 4) welds a mixture 
of Ti02 particles and NiCr particles and is produced. 

[Claim 1 1]A titanium oxide film given in 7, 8, 9, or 10, wherein a rate of Ti02 particles in a mixed layer (3, 4) 
is set up increase gradually as it goes to the outermost layer from a substrate (1). 

[Claim 12]The titanium oxide film according to claim 7, 8, 9, 10, or 11, wherein n type Ti02 particles are 
allotted to the outermost layer at least. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to highly efficient-ization of a photoelectrical pole function 

with respect to the manufacturing method of a titanium oxide film, and a titanium oxide film. 

[0002] 

[Description of the Prior Art]As art relevant to the manufacturing method of a titanium oxide film, and a 
titanium oxide film, for example, technical example 1: — JP,07-270592,A "nuclear reactor structural 
material and anticorrosive method for the same", and technical example 2: — the art which produces a 
titanium oxide semiconductor layer to the substrate which is a reactor structure at JP,08-201 578,A 
"nuclear reactor structural material and anticorrosive method for the same" is proposed. 
[0003]He is trying to produce a titanium oxide film (Ti02 film) in the technical example 1 by carrying out 

thermal spraying of the titanium (Ti) in the intervention atmosphere of oxygen on the surface of a 
structural material. He is trying to produce to one the Ti02 semiconductor layer which has oxygen- 
deficiency structure in the technical example 2 by performing powder thermal spraying of titanium oxide 
(Ti02) on the surface of a structural material in reducing atmosphere. 

[0004] 

[Problem(s) to be Solved by the Invention]However, in the case of a spraying process, when Ti02 particles 

pass through a melting process at the time of thermat spraying, crystallinity is spoiled and it becomes easy 
to produce the fall of a photoelectrical pole function. If thermal-spraying energy is made low and the rate 
of a melting ratio of Ti02 particles is made small, the adhesion of a substrate and Ti02 particles will fall and 

the moidability of a Ti02 film will become is easy to be spoiled. When a substrate is stainless steel, the 

adhesion of Ti02 and stainless steel is bad and the moidability of a Ti02 film gets worse. If it is a nuclear 

reactor structural material, since a dose of radiation is obtained abundantly, a photocatalyst function can 
be demonstrated effectively, but in the environment where light volume is not fully obtained, the technical 
problem that a photocatalyst function cannot be demonstrated effectively is left behind. 
[0005]This invention is made in view of such a technical problem, and attains the following purposes. 
** Fully demonstrate the photocatalyst function of a titanium oxide film (Ti02 film). 

** Aim at reduction of the thermal-spraying energy at the time of membrane formation. 
** Raise the adhesion of a substrate and a titanium oxide film. 

** Improve membrane formation nature to steel materials, and improve the selectivity of a substrate. 
[0006] 

[Means for Solving the Problem]It is the art which carries out thermal spraying of the Ti02 particles on the 

surface of a substrate, and produces a titanium oxide film. After welding a metal-particles-like base sheet, 
producing a foundation layer, making a mixture which mixed a base sheet and Ti02 particles to this 

foundation layer weld and producing a mixed layer, Production of a titanium oxide film is completed by 
making this mixed layer weld Ti02 particles, and producing a Ti02 layer. To a substrate, a foundation layer 

welds a high base sheet of adhesion, and is produced. As for a Ti02 layer, it is desirable to weld Ti02 
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particles, and for it to be produced and to allot n type Ti02 particles at least to the outermost layer. A 

mixed layer welds a mixture of TiOg particles and a base sheet, and is produced. The amount of supply of 

Ti02 particles is increased toward the outermost layer from a substrate, and a mixed layer which has tilted 

structure is produced. A titanium oxide film is produced to substrates, such as steel materials, such as 
stainless steel and carbon steel, and a Ni group alloy, and a base sheet is selected according to a substrate 
in this case. A rate of Ti02 particles in a mixed layer is set up increase gradually or gradually in stepless as 

it goes to the outermost layer from a substrate. As thermal-spraying art, a plasma spray process, a high 

velocity flame spraying process, a flame-spraying method, etc. are adopted. 

[0007] 

[Embodiment of the Invention]Hereafter, the manufacturing method of a titanium oxide film and one 
embodiment of a titanium oxide film concerning this invention are described with reference to drawing 1 
thru/or drawing 2 . in drawing 2 — the numerals X — a substrate and 2 are [ a Ti02 layer and Y of a 

bottom mixed layer and 4 ] tilted structure parts an upper part mixed layer and 5 a foundation layer and 3 a 
titanium oxide film and 1. 

[0008][S1: Substrate] In this one embodiment, stainless steel is chosen as the substrate 1, for example. 
[0009][S2: Production [ of a foundation layer ]] As a base sheet for producing the foundation layer 2, as 
shown in K10 of drawing 1 , NiCr particles are selected. This NiCr particle is changed into the state where 
several to several 1 0-micrometer thing was adopted, and particle diameter supplied this to plasma spraying 
equipment, for example, and put on plasma flow, for example, it dissolved 100%, and as shown in K11 of 
drawing 1 . thermal spraying is carried out to the substrate 1. When NiCr of a molten state solidifies on the 
substrate 1, the ground side mixed layer 2 of one is produced to the substrate 1. Antioxidizing of NiCr grain 
is made by performing plasmaHzation mentioned above under inert gas atmospheres, such as Ar gas and 
helium gas. 

[0010][Production of an S3: bottom mixed layer] If it is in a mixed layer (3, 4) as shown in drawing 2 , the 
tilted structure (tilted structure part Y) which increases gradually is adopted as the rate of Ti02 P^'^'^'^s 

goes to the outermost layer from the substrate 1 . At the time of production of the bottom mixed layer 3, 
the Ti02 grain indicated to be NiCr shown in K10 of drawing 1 as an admixture to K20 is selected. As for 

this Ti02 grain, several to several 10-micrometer thing is adopted for particle diameter, for example. The 

mixture (particles) which consists of 70% of the weight of NiCr particles and 30% of the weight of Ti02 

particles is formed, and this is supplied to plasma spraying equipment, and it puts on plasma flow, and 
changes into the state where it dissolved 100% also here, and as shown in K12 and K21 of drawing 1 , 
thermal spraying is carried out to the foundation layer 2. When the mixture of a molten state solidifies on 
the foundation layer 2, the bottom mixed layer (mixed layer) 3 of one is produced to the foundation layer 2. 

[001 1][Production of S4: upper part mixed layer] At the time of production of the upper part mixed layer 4, 
NiCr of K10 and the Ti02 grain of K20 which are shown in drawing 1 are selected like S3 as an admixture. 

The mixture (particles) which consists of 40% of the weight of NiCr particles and 60% of the weight of Ti02 

particles is formed, and this is supplied to plasma spraying equipment, and it puts on plasma flow, and 
changes into the state where it dissolved 100%, and as shown in K13 and K22 of drawing 1 , thermal 
spraying is carried out to the bottom mixed layer 3. When the mixture of a molten state solidifies on the 
bottom mixed layer 3, the upper part mixed layer (mixed layer) 4 of one is produced to the bottom mixed 
layer 3. At the time of production of the tilted structure part Y (mixed layers 3 and 4), antioxidizing of a 
mixture is made by carrying out under inert gas atmospheres, such as Ar gas and helium gas, like S2. 
[0012][Production of an S5:Ti02 layer] At the time of production of the Ti02 layer 5. 100% of Ti02 particles 

shown in K20 of drawing 1 are selected. Although particle diameter is made into several to several 10- 
micrometer thing like the Ti02 particles mentioned above, this NiCr particle, N type Ti02 which has a 

semiconductor characteristic especially is adopted, this is supplied to plasma spraying equipment and it 
puts on plasma flow, and as shown in K23 of drawing 1 , upper part mixed layer 4 thermal spraying is carried 
out In this case, thermal-spraying temperature etc. are lowered (making thermal-spraying energy low), and 
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many n type TiOg particles in the state of the TiOg layer 5 where particle shape was secured at least in 
the outermost layer are allotted. At the time of production of the TiOg layer 5, antioxidizing of TiOg 
particles is made by carrying out under inert gas atmospheres, such as Ar gas and helium gas, like S2 - S4. 

[0013][S6:TiO2"nrietal inclination material] Thus, after producing the foundation layer 2 to the substrate 1, 

the titanium oxide film X which has the tilted structure part Y as shown in drawing 2 is produced by 
increasing gradually the rate that the Ti02 particles mixed by the mixture occupy, and producing a mixed 

layer (3, 4). 

r0014] Drawing 3 is an X-ray diffraction chart of the titanium oxide film shown in drawing 2 . 

[001 5]Examination of the diffraction result of an X-ray diffraction chart will admit being mostly in 

agreement also in that [ rutile type TiOg ] of a comparison object. That is, if a foundation layer is made to 

be placed between substrates, a tilted structure part is produced, and a TiOg layer is produced so that it 

may be in the state where the ratio of TiOg particles was most raised in the outermost layer of a titanium 

oxide film, Granular shape will remain in the very good state by lowering thermal-spraying temperature 
when it comes to [ both ] TiO2l00%. 

[0016][Other embodiments] 

(a) Use what is called MCrAlY (Fe, Co, nickel+CrAlY alloy) as a base sheet 

(b) Set up the rate of the Ti02 particles in the mixed layers 3 and 4 to increase gradually in stepless as 
you go to the outermost layer from a substrate. 

(c) All or a part of making process of a titanium oxide film should be performed by a plasma metal spray, 
high velocity flame thermal spraying, etc. 

[0017] 

[Effect of the Invention]According to the manufacturing method of a titanium oxide film and titanium oxide 
film concerning this invention, the following effects are done so. 

(1) At the time of production of a titanium oxide film, by enlarging the ratio of Ti02 particles toward the 
outermost layer, the crystallinity of TiOj particles can be secured and a photocatalyst function can fully be 
demonstrated. 

(2) The adhesion of a substrate and a titanium oxide film can be raised by making the foundation layer 
placed between substrates, increasing the rate of Ti02 particles gradually in gradual or stepless, and 

carrying out thermal spraying of the Ti02 layer on this foundation layer. 

(3) By making a tilted structure part intervene at the time of production of a titanium oxide film, it becomes 
possible to produce the outermost layer at low temperature, and reduction of the thermal— spraying energy 
at the time of membrane formation of a titanium oxide film can be aimed at. 

(4) The membrane formation nature to a substrate and the selectivity of a substrate can be improved by 
this making the good foundation layer of adhesion placed between substrates, and welding a tilted structure 
part 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a flow chart which shows one embodiment of the manufacturing method of the titanium 
oxide film concerning this invention. 

[Drawing 2] It is a right sectional view showing one embodiment of the manufacturing method of the 

titanium oxide film concerning this invention. 

[Drawing 3] It is an X ray chart of the titanium oxide film shown in drawing 2 . 
[Description of Notations] 
X Titanium oxide film 

1 Substrate 

2 Foundation layer 

3 Bottom mixed layer (mixed layer) 

4 Upper part mixed layer (mixed layer) 

5 Ti02 layer 

Y Tilted structure part 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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